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A bstracI
ltis ne c e s s aryto use thegr ot mdobserv adonal datato calculate physicalyallein awi de st m ey
u 血(lkn X l kn)in orderto v erifytherdiability ofthe algori thn fo r specula 血g physicaly ariabler
f1･O mlkm s atellite data. Sin ceitisdifficdt to conduct the grot ndobs 飯 Yatio n within wh()1e wi de
a re a st m ey unitinshort丘m e-dle mi 血 alst m eyare a whichca n r甲 re S e n t awide
LS 甘V eyu nithas
to be dete□ m ned. The objecd,v eofthis sttldyistofindthe miDim alrepres ent g area ofa wi d8
sw v ey u nit thro ughthe car s 町V ey and radio-co ntrolled heh opter stLr Vey W e developed in
Mo ngoliangrassl皿d･ As a resdt,it canbe said dlat these sy te m s tB ed htheresea r chare ago od
w ayto calculatB 血e 皿i血m alrep=es enh g ar eaofa wi de stzrv ey unit･
1. IJltr Odu ctio n
h 蝕 血Syste n S deJICe･(1984)proposed byN A S A, va riou si dQT nadon on earth is gath耶 d
d也 ng flrStde cade a nd itis made s o me m odelsforva no ., sphen o m e n a arised o n e arth d 血ng
se c ond dec ade. Espe cially, in recent ye ars, itis inte rested in es血 aLtng V egeta丘on a mo tn t
qll a ndtativ elyfrom s a血1ite dat a which hs diedha ractedstics of hw er spadal r es Qll16on and
highertim e -freque ncy. Globalqu andtatlV e analysis tLSlng S ateuite datais very l叩 Ort ntfo r
t nderstanding w ater 皿 dene rg yno winthe arida ndse miaddr eglO n･
Itis ne c e s sarytotnderstmdreh do nbetw e en spe ctralreAect 皿 Ce a ndphysicalpa m eter ofthe
obje cts･be c atLSe 叫 ellite s ens orfmda n entally obtain onlyrenectedspectralradian c e e nrgy. B
llt
ea chpixels ofs atellite datahav e n ot only grot nd rene cta n c ebtltalso atn osphedcinfor n ad10n･
Ther efore atm osphedc coITeCdonis often c o n血 cted on s atdliteim age pro cess mg, a nd gr
olnd
ゐtafor v eri 丘c ation a re ne eded forglobalqtla ntitativ elanda nalysis llSlngSatellite data .
Genel･aly,itis oftB ntriedto getthegrotndtruth data, whichshoddbe s atisfied wi dl C Ondid10n
ofscale as sa n e as s atellite data a nd condi 血n ofsinultan eltyfo rs atellite･ 血ta Btltitisdifficdt
to c olle ct the gr ot nd bnthdatain 血e short ti me in the area which is the sam e aslo w spatial
,esol.lionof satellite S ensor(ex. N O A AV E R R, A D EO S O C T S･in futt- AD E O S-Ⅲ Gu
E O S- AM M O DIS data). げ the study are alo oks hke v eryho m ogeTe ou s ar ea,itis n eededto
c o 血 whether the siteis a ctual1y mi fo n area o r n ot Fore･xa mple, IlSpars e V
egetatedarea,it
ca 皿 Otbe regarded asho m ogene o tLS are ain s m allscalebec 皿昌e grOlnd n ayv aryth
e co ndido n of
s o me obje cts ate a ch obse m丘onl血ts･ Therefore,itis ne ededto dadfyhowlarg
ethe area c 皿 be
regardeda s o n emit･
2. O bje ctiye
The 血 ofthis shdyisto esti- tethe mi 血 repres e ntadv e are ain M
ongohangrassland･
which is veryflata nd ho m ogeneotLS are . m dto v edfydata obtain
ed bythe syste m w edev eloped･
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3. M ethods zL hd Re sults
h this stdy, w etriedto obtain spe ct=
･
al info m 也on a nd yide oim ages by o l汀 tW O dev eloped
syste･m . One is car st n
.
v eysystem (FigtF el･)and the otheris Radio- Co ntr oled Helicopter(R C
Eeli)stu vey syste Tn(Figtzre 2･)I Bo血 can get s o m a nァvideoim ages andspectrd info rm ationin
the 血 ort tim e . T hedetailedstate ment Dfthe s esystem lS e･XPlahed in se c也on3.1 a nd 3･2･
T he stldy are a wher e w e obser vedis M ongoha ngr assla nd, which isloc ated at abotltN 47.3
deg E I O 6.3 °eg , and whichi畠 V e ryho m oge nollS andnat area. T he te rain ty peis almo stgr a v el or
sandy, a nd v egetationde nsityis thin, plantheightis fr o m abotlt1.Oc mto abo tlt2 2･5c m. T he
distlibtlho n of 皿 e aStuem entPoi ntis sho Ⅵ7nillthe Fig町 e 3 . The m ea BtXr e mn tW as c o ndu cted in
1 4Atlg. 1996a nd15 A11g･ 1996(Table l･)･ Both system s ar e able to obtain spectral ido m a也o n
a nd video im ages 且tthe sa me 血 e ･ In 血1S St udy, ther e m ay hav epossibility of differen ce of
change forspe ctral inform atio n affe ctedby diflfere nc e ofsiolco ndltio n(soilm oisture c o ntent etc.)
betw een c al
l
S ⅦrVey and R C-helistm ey, be cal S e e ach m e as u1･e me ntdateis differen t. Therefor e
血s sttldy doe s n ot c o mpar e spectral refre ctan ce dlr e C吐y, but col npare minim u m areallS l ng
v egetadon cov e rage ratlO den ved fro m e ach m e astu ernents･
3.I Me as u r e m eTLttl SingCa rSu rv eySyste m
T he 皿 n Ofthis Syste mJutsfr o mthe ro ofofcarand m o ve wi thcar, and itobserv es the･ gotLnd
c o皿d1tion q血ckly. C C Dc 征 1er a,. m d dchaJ nd spe c打o m eterS 23 20(So 凪 aOptics, Ltd･), G P S
re c eiv er, a nd e ps Ca m era(m ade byKonlC a)a re m o u nted onthe 丘p of the obs er va血 n to we r an
toge血er. G P S C皿 1 er a 瓜 nSa veinfoⅡ n atio n(date,tim e,1ongittlde･ a nd la也tudci, and azin tLh BLnd
obs erva丘o n angle)inthe･ tipper Side ofthephotograLPh Befor e optic al fiber, 血er eis adiaphragm ,
vvhich ca nbe s et the se ns or[sfieldofvie w(F O V)co n血 u o u sly. F O V in th1S Vide oim ageis the
s an er a s s e ns orlo okingposi丘on a ndthe s en s or
l
sF O V. The ce nter ofse nso ris c oin cident with the
opticalc e nter ofsens or ･ W hite staJldardr efere n c ebo ard w e u s ed ig badn n sdphatepand･ T his
pa n el is m ade bybaraita paperphlSBaS O4, Which is 6t(Perior c ost p6rfor n 皿 Ce, geO m eldc
dependancy･ T his system can avoidshadow of m ea sl汀em ntSystem its elfbythe re volvingsf皿 d
on the c ar-top･ Thissyste m ca n ob 血n on edata ev e ry on emintlte, 血d in 也is sttldy, w e m ea s tu ed
100 pohtsin lkm X2.5 血1 ar ea(Figure2.).
Figur e4depicts v egetatio nco v e r age r atio(VC R)of100m e ast n
'
e m e ntpointsL VCR isdedl,ed
from vide oim ages ob(ained bythe above syst e m. This dlagran Sho w s血a( the virtic ala xisis
v egeta吐on c ov e･r age rati() 皿 dtlle horiz ontal a xis is m ea su rem en t n t mbe r. it c anbe s e en that
grassland whlCh lo okslike ho 皿 Oge neOlS a r e ahasbig v atiability, Forth is figure, Fig∬e 5. is
血 o w n m o vlllg av eraged V C R fro m5points to35po lntS, ItllaSbe co m e s maller v a riability o v er
abollt25points ･ Figtq e6 is sho w n diagra 皿forthe varian ce and st 皿dard-deviation oflnO Vmg
av 弧ged V C Reach m ov mg av eraged n u mber. Fr o m o v er25 m o v mg a ve raged nt nberfor
m eas町 e me ntPOlntS, Standard devia丘on andv arian c ebe c ome s m allandpr ac也cal 1yc ohst皿 (Valu ed
Ther eforeitis cleartht the s et of 25m eastJr e ment POints re m o v esthe vadabillty. T he
m e astlre m e nt areaS fo on e m eas w e m entpointis expre s s ed byF O Va nd obs ervado nheight of
spe ctr o 皿 etra nd CCD cam e ra:
s - 打 × 2･16
2
[-
2
,x 也
■
n
ユ
(誓,望 0･55q- 2] (1,
The s etof 5 ×5m east n.e m e71tpoints which ptltOlt the v ariertyis repr ese nted as appro xim ately
sa tellite gro und spati alres olutio n lbllXlkm(in 也is sttldy, N O A AAV ⅢR R), ther efore the
minim u m rep1
'
eSe ntativ e are aS■dezived f･ro m c ars urv ey m ea s tKem etiB ShoⅥ′n belo w:
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S' - O･55 4[m
2
]× 5×5 営 13･9[m
2
] (2)
3･2 M e as tlrem enttJsingRadio ･ coJltrOled Eelicopter
W ede velopedthe radio -co ntr oledhelic opte r(RC-hen)n e astlre m e nt甲Ste n. This syste mha s
spec trom eter, G PS r eceiver, C C Dca m er a a nd m 血 o I C O mPtlter, a nd itca nchangedie Obs 耶 adon
heightfr o m abolltlm to150h ･ h this stldy, the m easln e m e ntheightQf R C-hah is abollt5 5m .
The reslilt ofsection 3 ･1 o cc asionally m aLy m e aS11陀 血e onlysam e golmd co ndition . Therefor e w e
obs er v ed the wi de ra nge ofgro tnd c onditio n tlSingRC-helisystem in 30 m e astuen eJltPOlntS , T Le
areaSr m e a s ur ed by spectr o meter 皿d C C Dca mer a m otnted on R C-宜e7i is calcdated wi 血
m eastLre m e nt α)Zlditio n:
s - m x55
ユ
[m
2
･x h
2
(写,s35 9[- 之】 ｡,
BytlSing th is, the v arl ety Of m e asu re men t-valu eis c onfir m ed whether abotlt3 59n
2 ar ea is
r egarded as one u nit or n ot･ CCD ciL me ra m Ol mted on R C-flehtakes golmd-condition stlCh 比e
the car s urv ey syste m , butitis dlfrlCdtto calculate y eg ta也o n co v erage r a tio dire c吐y be ca-ns e
vide oim agehas m anyn ois e andu ndea n essin o ne pIX el･ Ther efore , a tfirst, w e con 血 ctedsimple
regres sio n analysisbetwee nN D VIa nd VCR obtained bycarslm ey, a ndthe nN D VIobtain ed R C-
Eelis 町 Vey lS Sllbsdttlted fo r r eh dozLShip betw e en V C Rand N D V Iobtained ca r st m ey.
C alcdatedsimple 1
.
egr eSSio neqtla丘o nisthefollowing:
V C R- 1 3 537･ N D VI- 0･24867(4)
V C R:Vegetatio nCo v er age R 血o
NI)V I:No 皿 ari2X!d Differen c eVegeta也onh de･x
N D V Ivalu e obtain edbyRC-helisystem is slbstituted forthe abo v e equ a丘o n and then w e
c alcdated VCR at e achpoints I FiBtn
'
e 6 depictsdeffere nce of V C Ra土ea ch n e astF e n entPO m tS･
Verticala由s sho w sV C Rand horiz ontal axis shows mea stFementpointnt nbeq･ T 比s diagra m
express es sm an vadabirity of V C Rat e ach m eLaS t uen entPOints･ h 也is c ase , v ariBLnCeis O･0006
a nd standard deviatio nig0.024. Therefore , vF e C O1止d con丘r ntht血e area m e astKed byR C-hell
syste min th is studyis r egardedas o n e Ⅶ1t area･ O bs e rv edv anetyof V C Robse rvedby R C-Hen
is s mallertha nthat of V C Robs erv ed bycarst u7 ery.
4. D iscltSil)A
When we tI7tO getground data tu lng CarSurveySyStem with die S a n e} V arian ce m e a stLred by
R C- Helistm′ey system , the m o ving av eraged m ber of data shod d be31(seeFiglⅡe6･)I
sl - 0･554[m
2
]×3 1望 1712[m
2
] (5)
3 59[m
ユ
].17･2[m
2
]≦ 21 (6)
This r esultsho w stha‖be m eastLre m entare a Ofspectro meter a nd C C Dc m 錯 乱 m Ot nedo nR C
-
heli is aboutthe 2 1t也 es aslarge as血e area m e as txred by car 甜 Vey･ Itisbetterthatthe are a
17･2 h 2 which dosepot can s e vdetyisidezldfied asthc mi dn tun repr e8eJlbtiv e are atha n2 5
m ea s u r e men tpoints ofcar s 町Vey･ Thereforeitis saidthat the mim n t n rq)res e ntadve a r e afor
the wide are a(1 kn×1kn)is abotLt17.2km2. An d the resdtoi ” tio n4.2 indicatesthatRC-heli
s ur v eysystem is v ery1)Sefblto ol becatlS eitca nbe m easur ed objects whichhaslarge vanetyin die
lBLrge ar ea al1ato nc e.
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S. Co ncltlSio n
h th is study, w e cotd dcdcdate minin l - rePre S en tadv e a r e a, whi ch is abo ut17･2 kn
2in flat
and ho 皿OgeneOl 娼 wi de･ grassland in Mongolia(1km X lkm), by llSing c ar a nd R C-hellsystem ･
T he c a rsu rvey syste m which hashighefBclenCy Ofobse rv ation n e eds abo ut t w oho t mfor100
pol ntS m e as urem ent,btltR C-hellsystem n e eds5 mimlteSfor30poln t5 me a SIN em ent. Itis eviden t
that RC-helist m eyis v eryllSefbl for ch血 ge ability of incident solor radia nc e ands o on･ T his
syste皿 is c o n血 cted grol nd trtlth effic ently be callS ethlS Syste m Can e S血 1 ate mini皿 um
represe ntative are ain the 血ort tim e by cha nging observ adon height･ When gr otlnd obser v ado n
ands atdliteobserva丘on are c o ndtlCted at the s a皿 e也m ewithollt dla nging 8 01orin cident r adia n ce,
itis v eryl mPOrtBLn t t O Shorte nthe totaltim e ofobser v atio n･ Fr o mth is pointofview ,itis als o sai d
that R C-heliis v e ry u sefdto ol. Data obtainedby tlSingthes e sy tem sw edeveloped in this smdy
ca nbe u sedas v erillca tion data afte ra 血 dspheric co rre cdonfors atellite 血ta･
h fu血re,itisthotlght to obtain s om e s a mples of bio m asse･tc ･ in the nmin t m represe ntadve
are a c alcl血 ed by 耶 1ng m ethod w edev elopedin this study･ M ore o v e r,itis als o n e ed dto pr ove
repr es e nmivity of mi 血T ar ea deriv ed from so m e v egtadoninde c es(N D VIetc ･)stmitical1y･
h ordert oprove this, iti5 Ⅲ 甲Orta nt tO de v elop 血e m ethodofa cqln Sitio n of bio m ass etc hin s mall
eIT O r.
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Table1. M ea s u rerrLe ntCo dition
Date 14 Aug･ 19 96 15 Aug. 19 96
Tim e 15:4 4- 17:30 12:05- 12:10
Ac c u m ulatl O n
Co u nt
1 0■ 10
InteBr atl O nTim e 0.08se c 0.1 6s ec
T he
Nu mber of
1 024ch 5 12ch
Spe ctr al Res olution 0.6 8Tl m/ch 1 3 7n rn/ch
O bse r v atio nAngle Nadir Nadir
Fieldof Vie w Appro x･ 2 2 deg Appr o x. 22 deg
Se n s o rHeight 2m1 6crn Ap pro x･ 5 5m
T he
Nu mbe rof
100pointB 30points
Figtlre1. T he Ap pe a ra ra n c e ofCarSur v eySyste m
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Figur e3. Distrlbutio TI Of Me a su re nl e ntPointsby CarSurv ey
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Figu re2 T he Ap pea ra n c e of Radio -
c o ntroled lle ic opterSystem
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